Response of brain amino acid metabolism to ketosis.
Our objective was to study brain amino acid metabolism in response to ketosis. The underlying hypothesis is that ketosis is associated with a fundamental change of brain amino acid handling and that this alteration is a factor in the anti-epileptic effect of the ketogenic diet. Specifically, we hypothesize that brain converts ketone bodies to acetyl-CoA and that this results in increased flux through the citrate synthetase reaction. As a result, oxaloacetate is consumed and is less available to the aspartate aminotransferase reaction; therefore, less glutamate is converted to aspartate and relatively more glutamate becomes available to the glutamine synthetase and glutamate decarboxylase reactions. We found in a mouse model of ketosis that the concentration of forebrain aspartate was diminished but the concentration of acetyl-CoA was increased. Studies of the incorporation of 13C into glutamate and glutamine with either [1-(13)C]glucose or [2-(13)C]acetate as precursor showed that ketotic brain metabolized relatively less glucose and relatively more acetate. When the ketotic mice were administered both acetate and a nitrogen donor, such as alanine or leucine, they manifested an increased forebrain concentration of glutamine and GABA. These findings supported the hypothesis that in ketosis there is greater production of acetyl-CoA and a consequent alteration in the equilibrium of the aspartate aminotransferase reaction that results in diminished aspartate production and potentially enhanced synthesis of glutamine and GABA.